Gene stacking is a developing trend in agricultural biotechnology. Unintended effects in stacked transgenic plants are safety issues considered by the public and researchers. Omics techniques provide useful tools to assess unintended effects. In this paper, stacked transgenic maize 12-53IE034 that contained insecticidal cry and glyphosate tolerance G10-epsps genes was obtained by crossing of transgenic maize varieties 12-5 and IE034. Transcriptome and metabolome analyses were performed for different maize varieties, including 12-53IE034, 12-5, IE034, and conventional varieties collected from different provinces in China. The transcriptome results were as follows. The nine maize varieties had obvious differences in gene expression. There were 3561-5538 differentially expressed genes between 12-53IE034 and its parents and transgenic receptor, which were far fewer than the number of differentially expressed genes in different traditional maize varieties. Cluster analysis indicated that there were close relationships between 12-53IE034 and its parents. The metabolome results were as follows. For the nine detected maize varieties, the number of different metabolites ranged from 0 to 240. Compared with its parents, 12-5 and IE034, the hybrid variety 12-53IE034 had 15 and 112 different metabolites, respectively. Hierarchical cluster analysis with Pearson's correlation analysis showed that the differences between 12-53IE034 and its parents were fewer than those between other maize varieties. Shikimate pathway-related genes and metabolites analysis results showed that the effects of hybrid stacking are less than those from transformation and differing genotypes. Thus, the differences due to breeding stack were fewer than those due to natural variation among maize varieties. This paper provides scientific data for assessing unintended effects in stacked transgenic plants.
INTRODUCTION
Stacked biotech/genetically modified (GM) crops that combine two or more genes/traits are produced by traditional breeding methods. They can satisfy the need for planting diversity and confer multiple benefits. The study and application of stacked transgenic crops has become an important trend. Plants with stacked traits occupied nearly 41% of the global GM crops area of 185.1 million hectares in 2016, which was a 29% increase compared with that in 2015 (ISAAA, 2016) . A total of 14 countries worldwide planted stacked biotech crops in 2016 (ISAAA, 2016) . The rapid application of stacked GM crops has brought into focus the problem of whether the safety of such products differs from that of the single-trait products.
Globally, the requirements for safety assessments of stacked GM events are not standardized and are different among countries. In the USA, the safety assessment of stacked GM events is not obligatory based on the approval of the single-trait parent (Kuiper et al., 2001) . In Brazil, the cultivation of stacked GM plants requires additional approval based on the approval of a single-trait parent. It does not need a full risk assessment and only requires some bridge data (CTNBio, 2009 ). In the European Union, stacked GM events are considered to be new GM events, and their safety assessment is similar to that of single GM events (De Schrijver et al., 2007) . These differences in safety assessment come from different opinions about two concerns. One concern is whether genetic modification can increase genomic instability. The other concern is whether potential interactions between the target products can affect safety.
A few studies examining the ecological effects of stacked GM crops have been reported (Schuppener et al., 2012; Hardisty et al., 2013; Hendriksma et al., 2013) . However, they lacked comparison with the near-isogenic non-transgenic lines or single GM lines. In addition, they failed to identify the unintended effects of GM stacking events. Such unintended effects may impact the safety of stacked GM plants. In fact, unintended effects represent statistically significant differences between stacked GM plants and suitable controls (Rischer and Oksman-Caldentey, 2006) .
The development of 'omics' technology has allowed comprehensive analysis of the unintended effects of stacked GM events on transcript, protein and metabolite levels. Using transcriptome, metabolome and proteome profiling, Barros et al. (2010) compared Mon810 and glyphosate-tolerant transgenic maize lines with their respective control lines. They found that the changes in gene expression, protein distribution and metabolite content caused by genetic modification were fewer than those caused by environmental factors. El Ouakfaoui and Miki (2005) found that the stable insertion of T-DNA did not cause detectable pleiotropic effects on the Arabidopsis transcriptome. Similar results were obtained for maize (Coll et al., 2010) , barley (Kogel et al., 2010) , rice (Montero et al., 2011) , soybeans (Cheng et al., 2008) and wheat (Gregersen et al., 2005) . To date, there have been few studies using omics technology to identify the unintended effects in stacked GM crops. To the best of our knowledge, only Agapito-Tenfen et al. (2014) used proteomic profiling, and they reported that stacking two transgenic inserts into the genome of one GM maize hybrid variety might affect the overall expression of endogenous genes.
In this study, transcriptomics and metabolomics were used as molecular profiling techniques to identify the potential effects of stacking through breeding in GM varieties. We compared the transcriptome and metabolomic data of nine maize varieties, including the stacked GM maize plant containing cry1Ie, cry1Ab/2Aj and G10-epsps gene expression cassettes, its two parents (two single GM maize varieties), and six traditional maize varieties. On this basis, we evaluated the changes in gene expression and metabolites between the stacked GM maize and its parents, and between the stacked GM maize and different traditional maize varieties. The results indicated that the differences in gene expression and metabolites resulting from the breeding stack were far fewer than the differences in gene expression and metabolites between traditional maize varieties. This paper might provide scientific data supporting safety assessments of stacked GM crops in China.
RESULTS

Molecular character detection of transgenic maize 12-53IE034
The sequences at the junctions of the gene construct and the flanking sequences of the target gene insertion site in genomic DNA allow essential event-specific detection using polymerase chain reaction (PCR). The event-specific PCR method is the most precise approach for transgenic crop detection among the different PCR methods, and has often been used to monitor the specific events in transgenic crops (Yang et al., 2005; Wu et al., 2008) . In this study, the event-specific PCR detection results showed that the same target DNA band can be obtained from stacked transgenic maize 12-59IE034 and its parents, 12-5 and IE034 (Figure 1 ).
Through reverse transcription PCR (RT-PCR), the cry2Aj/ cry1Ab and G10-epsps genes were amplified from the parent 12-5, and the cry1Ie gene was amplified from the parent IE034. All target DNA bands of the cry1Ie, cry2Aj/ cry1Ab and G10-epsps genes were amplified from three generations of the transgenic maize12-59IE034 (Figure 2a) .
In transgenic maize IE034, the bar gene was used as a selection marker gene and was closely linked with the target gene cry1Ie (Figure 1b) . So, in this study, Bar-Cry1Ab/ Ac test strips and G10-EPSPS test strips were used to detect the expression of foreign genes in stacked transgenic maize 12-59IE034. The results indicated that G10-EPSPS, Bar and Cry1Ab proteins can be detected in different generations of 12-59IE034, that G10-EPSPS and Cry1Ab proteins can be detected in 12-5, and that only the Bar protein can be detected in IE034 (Figure 2b ).
All the above results showed that the insertion sites of foreign genes in the maize genome were not changed during the breeding stack. The target genes are successfully expressed at the RNA and protein levels in the hybrid 12-59IE034, and can be inherited stably in different generations.
Field traits analysis of transgenic maize 12-53IE034
Transgenic maize 12-59IE034 contains the G10-epsps gene, which came from its parent 12-5 and can give the plant glyphosate tolerance. Glyphosate spray experiment results showed that 12-59IE034 and 12-5 are tolerant to glyphosate and grow normally after being sprayed, while all the non-transgenic maize were dead 7 days after exposure (Figure 3) .
Asian corn borers were fed young whorl leaves from different maize varieties. All the borers died after 4 days of feeding on young leaves from transgenic maize varieties IE034, 12-5 and 12-59IE034, while 80% of borers were still alive after 4 days of feeding on young leaves from nontransgenic maize (Table 1 ).
Both results indicated that 12-59IE034 simultaneously has glyphosate tolerance and pest resistance, which came from its transgenic parents 12-5 and IE034, respectively.
RNA-sequencing and sample transcriptome mapping
After raw read quality filtering, 44-46 Gb of clean sequence data (35-38 million clean reads) were obtained for nine samples, corresponding to twice the maize genome size. Using the maize B73 transcriptome as a reference genome, 74-82% of the clean reads were mapped to the reference genome. Among the mapped reads, the uniquely mapped reads accounted for 93-95% (Table 2 ). These data indicated that the sample transcriptome information was sufficient for further analysis.
Gene expression analysis
The nine maize varieties had obvious differences in gene expression (Table S1 ). There were 3263-12 595 differentially expressed genes among them. Specifically, there were 3561-5538 differentially expressed genes among the hybrid variety 12-59IE034, its parents and the transgenic receptor Z58, which were far fewer than the numbers of differentially expressed genes between 12-59IE034 and traditional maize varieties (Figure 4a Lanes 1-5 represent amplification for IE034 event-specific detection using primers IE034F and IE034R. The amplified DNA fragment size was 314 bp. The order of the samples was IE034, 12-59IE034, 12-59IE034-F2, 12-59IE034-F3 and non-transgenic maize Z58. Lanes 6-10 represent amplification for 12-5 event-specific detection using primers RB-test and R1. The amplified DNA fragment size was 350 bp. The order of the samples was 12-5, 12-59IE034, 12-59IE034-F2, 12-59IE034-F3 and non-transgenic maize Z58. Lanes 11-15 represent amplification for 12-5 event-specific detection using primers LB-test and SP1. The amplified DNA fragment size was 304 bp. The order of the samples was 12-5, 12-59IE034, 12-59IE034-F2, 12-59IE034-F3 and non-transgenic maize Z58. [Colour figure can be viewed at wileyonlinelibrary.com].
analysis (R software, v3.1.1) showed that 12-59IE034, transgenic receptor Z58, IE034 and 12-5 belonged to the same class, and 12-59IE034 and 12-5 were closely related ( Figure 4b ). These data indicated that the gene expression patterns of 12-59IE034 and its hybrid parents were basically identical. The gene expression changes between 12-59IE034 and its hybrid parents were still within the normal range of gene expression change among different maize varieties.
KEGG pathway analysis showed that the differentially expressed genes were mainly involved in the biosynthesis of secondary metabolites, mRNA surveillance, spliceosomes, metabolic pathways and phenylpropanoid biosynthesis pathways. The differentially expressed genes between 12-59IE034 and its parents were also primarily involved in the above five pathways and showed the same trend as the differentially expressed genes among other maize varieties (Figure 4c ).
Metabolomics analysis
After quality control, a total of 1185 metabolites were obtained from nine detected maize samples by using ultraperformance liquid chromatography-mass spectrometry (UPLC-MS; Table S2 ). Differences in metabolites among samples were obtained by orthogonal partial least-squares discriminant analysis pattern recognition, the t-test and the Mann-Whitney test using the muma and metabolics packages of R. Hierarchical cluster analysis (HCA) with Pearson' correlation showed that the metabolite differences between 12-59IE034 and its parents were less than those between other maize varieties, and that the relationship between 12-59IE034 and 12-5 is the closest (Figure 5 ).
Among the detected nine maize varieties, the number of different metabolites detected ranged from 0 to 240. For non-transgenic maize, the largest difference was between SM and Z58, and no obvious differences were observed among BM, LH, SM, DB and DQ. For transgenic maize, there were 211 different metabolites between 12-5 and the corresponding transgenic receptor Z58. 12-59IE034 had three and 112 different metabolites compared with its parents 12-5 and IE034, respectively (Table 3 ). The different metabolites between 12-59IE034 and 12-5 were pyridinoline, buclizine and yuccaol A. These three metabolites were also different between Z58 and SM. In contrast, no different metabolites were observed between 12-59IE034 and the traditional maize BM. This indicated that stack breeding did not result in the generation of new metabolites.
These results showed that the difference among 12-59IE034, 12-5 and IE034 is located within the scope of differences among varieties. It indicated that the differences due to stacking breeding were fewer than the natural variations among maize varieties.
Analysis of genes and metabolites related to shikimate pathway in transgenic maize
Transgenic maize 12-59IE034 has combined insect resistance and glyphosate tolerance traits. Insect resistance is conferred by two bt genes that are not native to plants and exert no known metabolic activity in plants. Glyphosate tolerance is conferred by introducing a gene that encodes a glyphosate-insensitive version of the target enzyme 5-enolpyruvoylshikimate-3-phosphate synthase (EPSPS). EPSPS is a key enzyme in the shikimate pathway (Zabalza et al., 2017) . The shikimate pathway is a seven-step metabolic route used by microorganisms and plants for the biosynthesis of aromatic amino acids. The seven enzymes involved in the shikimate pathway are DAHP synthase, 3-dehydroquinate synthase, 3-dehydroquinate dehydratase, shikimate dehydrogenase, shikimate kinase, EPSPS and chorismate synthase (Herrmann, 1995) .
At and 12-59IE034, but it is upregulated in 12-59IE034 and 12-5 compared with that in Z58. For the aroK and aroC genes, no obvious differential expression was observed among 12-5, 12-59IE034 and Z58, but they were downregulated in 12-59IE034 and Z58 compared with IE034. These differences can also be observed in different maize varieties (Table 4) . These results indicated that the effects of hybrid stacking on genes related to the shikimate pathway are less than those from transformation and differing genotypes. Plants synthesize many specialized metabolites that originate from three aromatic amino acids, namely phenylalanine, tyrosine and tryptophan (in particular from phenylalanine). These three aromatic amino acids are synthesized using chorismate, the terminal substrate of the shikimate pathway, as the original substrate. To understand the effect of hybrid stacking on metabolites related to the shikimate pathway, we analyzed the metabolites related to phenylalanine metabolism. There are 78 metabolites among 1185 that may be related to phenylalanine metabolism. Differences in these 78 metabolites were not found among 12-59IE034, 12-5 and Z58. However, one different metabolite was found between 12-59IE034 and IE034, and between IE034 and Z58. These results indicated that stacking the glyphosate tolerance trait into IE034 did not influence phenylalanine metabolism.
DISCUSSION
Gene interaction is a common and important phenomenon in conventional breeding. It is commonly exploited to produce new plant varieties by breeders. Studies indicate that thousands of non-additive interactions occur during the breeding process (Keurentjes et al., 2006; Hochholdinger and Hoecker, 2007; Groszmann et al., 2011) . For stack breeding of transgenic plant, the only form of interaction different from that seen in traditional breeding is a metabolic or physiochemical interaction from the combination of the transgene products (Steiner et al., 2013) . So, the important step for assessment of gene interaction of transgene stack is to analyze the possibility of potential interactions between stacked genes according to the critical data of single events.
To date, commercialized stacked GM crops are mainly stacked with different bt genes and herbicide tolerance genes. In these transgenic plants, bt genes are not native to plants, and the insecticidal proteins are not targeted to chloroplasts and exert no known metabolic activity in plant. Herbicide tolerance is mainly conferred by introducing a gene that encodes EPSPS enzyme related to shikimate pathway. So, Bt protein and EPSPS protein are not physiologically related, are not active in the same metabolic pathway, and share no common metabolites. There is no testable possibility for the gene interaction. But synergistic or antagonistic effects between different bt genes may occur because of the different insecticide controlling spectrum. Lee et al. (1996) found that Cry1Ac and Cry1Aa toxins had synergistic activity against Lymantria dispar (Lepidoptera: Lymantriidae) caterpillars, whereas Cry1Aa and Cry1Ab had antagonistic effects. Lemes et al. (2014) found an antagonistic effect of Cry1Ca with three Vip3A proteins (Vip3Aa, Vip3Ae and Vip3Af). This interaction cannot bring any food or feed safety issue. However, for resistance management of agricultural pests, more attention should be paid to the interaction of genes if they target the same organism or enable cross-resistance. In this study, the stacked transgenic maize plant contained two bt genes cry1Ab/cry2Aj and cry1Ie, that had the same target organism. Thus, the interaction between Cry1Ab/Cry2Aj and Cry1Ie protein on control insects should be assessed in future studies.
Variation is another natural phenomenon prevalent in plants. It results from gene mutation, recombination, repeat sequence and transposable element. For example, in maize, the mutation rate for copy number of dinucleotide repeats is almost eight for every 10 000 meioses (Vigouroux et al., 2002) . The frequency of recombination between homologous alleles in somatic tissues ranges from 5.74 9 10 25 cells in soybean to 7.7 9 10 26 cells in tobacco (Evans and Paddock, 1976) . In the historically important maize (Zea mays) inbreds B73 and Mo17, approximately 10 000 gene fragments were found only in one inbred but not the other, and that might have been mobilized by Helitrons, a class of eukaryotic transposon (Lal et al., 2009) . Barbaglia et al. (2012) provide a Tenaillon et al. (2001) estimated that two randomly chosen alleles of a maize gene encoding 300-400 amino acids would result in 3.5 different amino acids. Among approximately 46 000 genes in soybean, 856 were not present in all of the tested soybean genotypes (Lam et al., 2010) . So, there are obvious gene expression and metabolite differences among different cultivars. In this study, transcriptome and metabolome analysis indicated that there were obvious differences between tested maize varieties in gene expression and metabolites. The differences between 12-59IE034 and its parents in gene expression and metabolites were fewer than the differences between other maize varieties in those aspects. These results indicated that the stacking of two transgenic events by breeding did not introduce any greater variation than the traditional breeding process. This conclusion was consistent with that of Weber et al. (2012) . Thus, the breeding stack of two or more transgenic events is in essence a traditional breeding progress. The stacking progress does not involve gene transfer in vitro. Furthermore, the single-trait events used as parents often undergo rigorous safety assessment before commercial release. So, the safety assessment of stacked transgenic plants should adopt a simplified procedure based on the safety assessment of the single-trait parent. The producer should provide data related to genetic stability and the interaction between target genes, and provide regulatory elements on a case by case principle.
EXPERIMENTAL PROCEDURES Plant materials
Nine maize varieties were used in this study. Six of them were non-transgenic maize varieties provided by Prof. Shi Yun-su's lab at the Crop Science Institute, Chinese Academy of Agricultural Sciences (CAAS). They were Sanminzi (SM, collected in Hebei Province, China), Daqingke (DQ, collected in Heilongjiang Province, China), Baimaya (BM, collected in Guangdong Province, China), Dabalubaogu (DB, collected in Yunnan Province, China), Laohuangyumi (LH, collected in Gansu Province, China), and Zhengdan58 (Z58, collected in Henan Province, China).
The other three varieties were transgenic maize varieties. They were 12-5, IE034 and 12-59IE034. The maize variety 12-5 was obtained from Shen Zhi-cheng's lab at Zhejiang University. It contains cry2Aj/cry1Ab and G10-epsps gene expression cassettes, and has insect resistance and glyphosate tolerance. The maize variety IE034 was obtained from Wang Guo-ying's lab at the Crop Science Institute, Chinese Academy of Agricultural Sciences. It contains cry1Ie and bar gene expression cassettes, and has insect resistance and barsta tolerance. 12-59IE034 was F1 generation stacked from 12-5 and IE034. The positive plants containing all the foreign genes from 12-5 and IE034 were selected from 12-59IE034 and self-crossed to obtain 12-59IE034-F2. Accordingly, 12-59IE034-F3 were self-crossing offspring of 12-59IE034-F2 containing all the foreign genes.
DNA extraction and event-specific PCR detection of transgenic maize
Genomic DNA was extracted using the Quickly Genome DNA Extraction Kit (Tiangen, Beijing, China) according to the manufacturer's instructions. It was quantified by UV absorption at 280 nm in a NanoDrop 2000C (Thermo Scientific, USA). The DNA was diluted to 25 ng ll À1 and stored at À70°C ultra-low temperature freezer for future analysis.
Event-specific PCR detections were performed according to patent CN 104946631 A and CN102604940 A. For event-specific PCR detection of 12-5, primer pairs RB-test and R1 were designed according to right flanking sequences in the maize genome and the ZmUbi-1 promoter in insertion fragment, and primer pairs LB-test and SP1 were designed according to left flanking sequences in the maize genome and 35S polyA in insertion fragment. For event-specific PCR detection of IE034, primer pairs LB-test and SP1 were designed according to right flanking sequences in the maize genome and 35S polyA in insertion fragment. The sequence of used primers and the size of amplification DNA fragment are listed in Table 5 .
Target gene expression analysis of transgenic maize 12-53IE034
Total RNA was extracted using EASYspin Plant RNA Extraction Kit (YPH-Bio, Tianjin, China) (Table 5) . Target proteins were detected by test strips. Leaf samples were put into 2-ml centrifuge tubes and triturated. Then, 1 ml ddH 2 o was put into the sample tube and mixed. Finally, a test strip was inserted into the sample mixture. The quality control line and the test line were observed after 2-5 min.
Target trait detection in transgenic maize 12-53IE034
For glyphosate tolerance detection, 2000 ppm glyphosate (product name: 41% Roundup) was sprayed on the maize plants when they had developed three-four leaves. The plants that grew normally were referred to as the glyphosate-resistant line, and those in which the leaves turned yellow and died were designated the glyphosate-sensitive line. Plant glyphosate tolerance was analyzed 7 days after glyphosate was sprayed.
The pest resistance of transgenic maize was analyzed using a bioassay method. Twenty corn borers were inoculated into each culture dish containing corn whorl leaves, and cultured in a climate chamber with the following conditions: 28°C, 80% relative humidity and 16 h day/8 h night photoperiod. Two days after inoculation, the proportion of living corn borers was determined. Statistics were analyzed using t-tests.
Total RNA extraction and transcriptome sequencing library construction
Maize samples were planted in a greenhouse in CAAS. Ten plants growing normally at the same stage (five-six leaves) were selected randomly from each maize variety for the extraction of total RNA. Total RNA of maize leaves was extracted using the phenol-chloroform extraction method and detected by electrophoresis detection. The purity of RNA was determined by K5500 MicroSpectrophotometer (Kaiao, Beijing, China) with UV absorptions at 230, 260 and 280 nm. OD 260/280 nm and 260/230 nm absorption ratios of all the samples were in the range of 1.9-2.0 and 2.0-2.3, respectively. The integrity and concentration of RNA were detected using an Agilent 2100 Bioanalyzer and an Agilent RNA 6000 Nano Kit (Agilent Technologies, CA, USA), respectively. Thus, all RNA samples were determined to be appropriate for use ( Figure S1 ). The mixture of RNA extracted from 10 plants of each sample was used to sequence the transcriptome.
For the transcriptome sequence library construction, mRNAs were enriched using polyT oligo-attached magnetic beads and fragmented in a fragmentation buffer. Using the short mRNA fragments as templates, first-strand cDNAs were synthesized using reverse transcriptase and random hexamer primers. This was followed by second-strand cDNA synthesis using buffer, dNTPs, DNA polymerase I and RNase H. The double-strand cDNA was purified using the Qiaquick PCR kit, followed by end repair, singlenucleotide (A) addition and the ligation of sequencing adaptors. Finally, target cDNAs were recovered by agarose condensed electrophoresis and enriched by PCR amplification to generate a library for transcriptome sequencing.
Analysis of Illumina sequencing data
The cDNA libraries were sequenced on the Illumina HiSeqTM 4000 platform. The raw fluorescent images were transformed into raw reads by CASAVA base calling software. Before assembly, clean reads were obtained by removing adapter sequences, reads containing more than 5% unknown nucleotides, and low-quality reads (containing more than 50% bases with Q-score ≤ 19). Then, the clean reads were aligned to the maize B73 reference transcriptome using TopHat (V2.0.12; Trapnell et al., 2009) and Bowtie2 (Langmead et al., 2009) software.
Gene expression levels were evaluated in reads per kb per million reads (RPKM) based on the number of reads mapped to the reference sequence. Differential expression analysis was performed using DEGseq . The screening conditions for differentially expressed genes were set at a qvalue < 0.05 and log2 (ratio) ≥ 1. Finally, the differentially expressed genes were mapped to GO terms and the KEGG database, and significantly enriched GO and KEGG terms were thus identified.
UPLC-MS-based metabolite profiling
Five plants growing normally at the same stage (five-six leaves) were selected randomly from each maize variety for metabolomic analysis as five biological replications. Maize leaves (0.1 g) were put into the extraction buffer containing 75% methanol and 0.1% formic acid and ground. Then, the leaf homogenate was transferred into a 2-ml centrifugal tube. Subsequently, it was vortex-oscillated for more than 10 sec, treated with ultrasound for 10 min and put into À20°C refrigerator for 1 h. Then the homogenate was vortex-oscillated at room temperature and was centrifuged at 10 000 rpm for 10 min at 4°C. Finally, 1 ml of the supernatant was filtered through a 0.22-lm organic phase filter into a glass vial.
Liquid chromatography. The chromatographic column was an ACQUITY UPLC BEH C18 Column (130 A, 1.7 lm, 2.1 mm 9 150 mm, 1/pkg). The temperature of the column was 35°C and the flow velocity was 0.4 ml min À1 . Mobile phase A was H 2 O and 0.1% formic acid. Mobile phase B was acetonitrile and 0.1% formic acid. The injection volume was 2 ml.
Mass spectrometry. Electrospray ionization was employed with a capillary voltage of 3 kV, cone voltage of 30 V, impact energy of 15-45 V, source temperature of 120°C, and desolvation temperature of 500°C. The cone gas flow rate was 50 l h À1 and the desolvation gas flow rate was 800 l h À1 . The scanning time was 0.2 sec. Leucine-enkephalin [M + H] + 556.2771 and [M À H] À 554.2615 were used for positive-ion and negative-ion real-time correction, respectively. The positive-ion and negative-ion data were collected simultaneously.
The data acquisition software used was MassLynx 4.1 (Waters, USA). The analysis and identification software used was Progenesis QI (Waters, USA). The graphics softwares used were EZinfo, HemI and Simca-P.
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